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11 Introduction 


An automatic control system is one whose various components, which include the 
| sensors, process, controllers and actuators, are appropriately designed and sub- 
| sequently suitably interconnected so that the overall system behaves in a desired 
| manner. Initially analog, with the availability and reduced cost of digital electronics, 
the control of such systems evolved into the more flexible digital form which is now 
used almost exclusively. The advent of digital computers and micro-computers in 
particular led to their application for industrial production, consumer appliances, 
communications and transportation amongst others. Computers are of particular 
importance to modern society and production, which depend on them critically for 
their internal control. Today it is doubtful whether there 15 a single area of industrial 
control in which computers have not had a significant impact. 

Though modern computer control systems may appear to differ widely, they have 
common underlying similarities and analytical techniques which unify them. The 
control systems of a nuclear reactor, of a power distribution system and of a large ” 
communications system may appear to have little in common with those of a space 
vehicle or a robot assembling a motor vehicle. Yet all these systems share such 
| ` functions as data acquisition, decision making and execution of prespecified control 


— ہے 


نے جھے — 


algorithms, communication to and enforcement of these decisions on the physical 

process with a view to ensuring that the overall system behaves in the desired 
| manner. The overall closed loop system thus has the familiar feedback structure 
| which characterizes all control systems. 


Instances of computer-controlled systems abound. Some examples are: 


numerically controlled machine tools (CNC) which produce high precision parts; 
flexible manufacturing systems (FMS) in which the mutual interactions and transport 
of components from one machine to another are controlled by computers; large- 
scale industrial plants producing everything from cement to pharmaceuticals, from 
beverages to canned fruits, whose supervisory control and data acquisition 
(SCADA) are dependent entirely on computers; electric power management systems 
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(EPMS) which control every phase of the ene ۱ rs to the 
distribution network and which would be حم پر تحت‎ high speed 
computers and digital. control; aircraft and space vehicles hh depend critically on 
computers and digital control for their Hight systems; modern motor vehicles which 
depend on computers for fuel control and ABS (anti-skid breaking system); home 


appliances such as air-conditioners, refrigerators and vacuum cleaners which use 
computers to achieve economy and perf 


| 3 ormance hitherto unattainable. ۱ 
The ultimate objectives of any computer-controlled system are to improve product 
quality and productivity, reduce energy demand, and improve production flexibility 
and overall system and Operator safety, factors which are significant in reducing 
٠ production costs in the competitive world in which we live. Automation and automatic 
control are essential to both developed as well as developing countries which must save 
scarce energy resources and raw materials as they strive to improve the efficiency and 
productivity of environmentally dangerous and polluting industrial processes. 
The principal scope of this text is to lay the foundations of digital (sometimes 
termed ‘discrete time’) control theory, which is essential for controlling systems 
using computers. Emphasis is given to modern methods of analysis and synthesis of 


digital control and to a lesser extent to the hardware and software aspects necessary 
for the implementation of the control algorithms. 


1.2 A brief historical review of control systems 


Control systems have been in existence since ancient times. A well-known ancient 
automatic control system is that of Heron of Alexandria in Egypt. This system was 
constructed to open a temple gate automatically when a fire was lit at the altar and to 
close it when the fire went out. Most probably, this device was developed more to 
impress believers than to be functional, as it was hidden underground. 

In the eighteenth century, the use of automatic control started to advance. In 1769, 
James Watt invented the first centrifugal speed regulator (or flyball governor) which 
was widely used in practice, particularly for the automatic control of locomotives. 
Maxwell, in 1868 [84], [85], and Vyshnegradskii in 1877 [56], developed the first 
mathematical background for control which they applied to Watt's centrifugal 
regulator. Moreover, Routh's results on stability in 1877 were especially significant 
[51]. | 

Automatic control theory and its applications have developed rapidly in the last 60 
years or so [1-50], [52-55], [57-83], [86-94], The period 1930 to 1940 was 
important in the history of control since remarkable theoretical and practical results, 
such as those of Nyquist [86), (87] and Black [62], [63] were reported. 

During the following years and until about 1957, further significant research and 
development was reported, due mainly to Nichols [94], Bode 14], Wiener [57 ገ and 

evelop | land dedo al | 
Evans [19], [66]. All the results of the last xe > P ኔን about 1957, constitute 
what has been termed classical control. Progress from 1957 


lu 25 lO date has been 
especially impressive from both the theoretical anc the practical point of view. This 
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m te ona ur acterized as that of modern control, the most significant 
mi ne: (i5) rq. to Astrom [2-4], Athans [5], [59-61], Bellman [7], 
ORI. [ለዕ 1, [64], Doyle [65], [68], Francis [65], 68), Jury [26], [27], Kailath 
[28], [69], Kalman [29], [30], [70-81], Luenberger [37], [82], [83], MacFarlane 
[38], Rosenbrock [49], [50], Saridis [52], Wonham [58], [91], [92], Zames [93] 
and many others. For more on the historical development of control the reader can 
refer to [39], [42], [67] and [88—90). 

A significant boost to the development of classical control methods was given by 
the Second World War, whereas for modern control techniques the launch of 
Sputnik in 1957 by the former Soviet Union and the American Apollo project, which 
put men on the moon in 1969, played important roles. In recent years, an impressive 
development in control systems has taken place with the ready availability of digital 
computers. Their power and flexibility have made it possible to control complex 
systems efficiently, using techniques which were hitherto unknown. 

This book is devoted to this new and promising area of digital control, or discrete- 
time control, or computer-controlled systems. For related references in the area the 
reader can also refer to [1], [3], [6], [9-13], [16], [17], [20-27], [31-36], [40], 
]41[, [44—48], [54] and [55]. Of these references, we strongly suggest the follow- 
ing for further reading: [1], [3], [21], [23], [24]. [31], [34), [41], [44] and [45]. 


1.3 The basic structure of digital control systems 


Figure 1.1 shows the basic structure of a simple digital control system. The system 
(plant) under control is a continuous-time system (e.g. a motor, electrical power plant, 
robot, etc.). The “heart' of the controller is the digital computer. The A/D converter 
converts a continuous-time signal into a discrete-time signal at times specified by a 
clock. The D/A converter, in contrast, converts the discrete-time signal output of the 
computer to a continuous-time signal to be fed to the plant. The D/A converter 
normally includes a hold circuit (for more on A/D and D/A converters see Sections 
3.3.1 and 3.3.2). The quantizer Q converts a discrete-time signal to binary digits. 

The controller may be designed to satisfy simple, as well as complex, 
specifications. For this reason, it may operate as a simple logic device as in 
programmable logic controllers (PLCs), or make dynamic and complicated 
processing operations on the error e(kT) in order to produce a suitable input u(r) to 
control the plant. This control input u(r) to the plant must be such that the behaviour 
of the closed-loop system (i.e. the output y(1)) satisfies desired specifications. 

The problem of realizing a digital controller is mainly one of developing a 
computer program. Digital controllers present significant advantages over classical 
analog controllers. Some of these advantages are as follows: 


‘|, Greater flexibility in modifying the controller's features. Indeed, the controller's 


features may be readily programmed. For classical analog controllers, any change 
in the characteristics of the controller is usually laborious and expensive, since it 
requires changes in the structure and/or the elements of the controller. 
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2. Processing ( qM ۱ 
and — جا‎ ur Complex Computations may be performed in a fast 
3. They are superior to مات‎ chi rollers do not have this characteristic. 
(a) sensitivity 1011615 with regard to the following characteristics: 
(b) drift effects 
(c) internal noise 
(d) reliability 
They are cheaper than analog controllers. 
They are considerably smaller in size than analog controllers. 


AS‏ ا 


Nevertheless, digital controllers have certain disadvantages compared with analog con- 
rollers. The most significant disadvantage is due to the error introduced during sampling 
of the analog signals, as well as during quantization of the discrete-time signals. 

As we have already noted, the system under control may be any type of system 
combining discrete and continuous elements. Indeed, digital control techniques can 
be applied to a great variety of systems and processes, such as the following; 


1. Servomechanisms (position, velocity, etc.). 


Voltage control, temperature control, pressure control, fluid level control, fluid 
flow velocity control, etc. 
Electrical apparatus and plants (motors, generators, electrical power plants, etc.). 


Industrial control (paper, cement, sugar, steel, cars, clothing, food, etc.). 
Reactors (nuclear and chemical). 


3 
4 
5 
6. Ground transportation systems (cars, trains, etc.). 
7 
8 
9 


t 


Sea transportation systems (ships, submarines, etc.). 
Air transportation systems (helicopters, aircraft, etc.). 
. Weapon systems (missiles, fire control systems, etc.). 
10. Robots (for assembly, welding, etc.). 
Space applications (space telescopes, spacecraft, space stations, etc.). 
Digital computers (printers, disk drives, magnetic tape, etc.). 
13. Farming (greenhouses, irrigation, etc.). 
| 14. Biotechnology, medicine, biology, etc. 
In many other applications, such as traffic control, office automation, computer- 
integrated manufacturing, energy management of buildings, etc. 


In this book, digital control techniques will be developed and implemented for 
several of the above practical systems. 


1.4 References 


Books 


[1] J. Ackermann, Sampled Data Control Systems, Springer Verlag, New York, 1985. 





d LI KJ Åström, Introduction to Stochastic Control Theory, Academic Press, New York, 
72 e 1970. 
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